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Abstract. Air pollution is known as a major problem for public health but also 
the health of the environment. As it increasingly affects the quality of life, it has 
become a topic of interest for researchers in recent years. Air pollution refers to 
the pollution of the environment by liquids, gases, and solids but also wastes that 
have negative effects on health. The pollutants with the greatest harmful potential 
are particulate matter (PM), sulfur dioxide (SO2), tropospheric ozone (O3), and 
nitrogen dioxide (NO2), but also some heavy metals. This review article aims to 
correlate oral health and air pollution and to analyze the types of air pollutants. 
We will also investigate their direct and indirect effects on the oral cavity, as these 
compounds can contribute to oral health problems such as periodontal diseases, 
oral cancer, and dental caries, through different mechanisms, including oxidative 
stress (OS), inflammation, and oral microbiome imbalances. By understanding 
these mechanisms, we want to emphasize the need for multidisciplinary 
approaches to reduce the negative effects of environmental pollution on oral 
health. 
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INTRODUCTION 


In recent years, researchers have begun to investigate the correlation between 
oral health and air pollution [1]. Environmental pollution involves the production 
or release of harmful substances or contaminants in the natural environment 
(water, air, or soil) that can harm living organisms and the ecosystem. Air 
pollution is a complex mixture of particles and gases with a high risk to human 
health. The most harmful air pollutants consist of gaseous pollutants, including 
PM, O03, NO2z, SO2, and CO. PM is a complex mixture of solid, liquid, or solid- 
liquid particles suspended in the air [2]. Since pollutants enter the body through 
inhalation and cause various respiratory and cardiovascular problems or other 
serious health problems such as premature death, heart attacks, and ingestion, it is 
reasonable to assume that there is a strong correlation between these pollutants 
and their impact on the oral cavity [3]. 

Air pollution is one of the biggest public health challenges globally, being 
associated with a wide range of conditions, from respiratory and cardiovascular 
problems to mental health effects. In this context, the oral cavity is one of the 
main routes of environmental contamination associated with many chronic 
diseases (cancers, fertility, and behavioral disorders) through diet, drugs, and 
breathing [4]. These environmental factors, including, but not limited to, 
endocrine disruptors and excessive fluoride can disrupt dental development and 
thus lead to irreversible enamel defects. These defects are then treated with 
materials that can release molecules capable of generating these defects, leading 
to a vicious circle, especially in pregnant women and young children [4]. An 
important role in the health and disease of the oral cavity is played by the 
microbiota, because oral infections, caries, and periodontal diseases are mostly 
associated with the dysbiosis of the oral microbiota [5]. 

Oral diseases are among the most widespread diseases globally, hurting 
health by reducing the quality of life [6]. According to the World Health 
Organization (WHO), 45% (3.5 billion people worldwide) have dental conditions 
during their lifetime from early life to old age (Figure 1). 


Academy of Romanian Scientists Annals - Series on Biological Sciences, Vol. 13, No. 2, (2024) 75 


Malina VISTERNICU, Viorica RARINCA, Catalina IONESCU, 
Vasile BURLUI, Gabriel CIMPOIESU, Alin CIOBICA 


oral diseases 


Boral health 


Figure 1. Global prevalence of dental conditions (according to WHO) 


Among the most prevalent oral diseases are dental erosion, periodontal 
disease, tooth loss, and cancer in the oral cavity [7,8]. Good oral health reflects a 
person's ability to adapt to physiological changes throughout life but also to 
maintain their teeth through care. Although tooth decay is a lifelong condition, it 
affects very young children, so it needs to be followed up into adolescence and 
adulthood, even later. Moreover, oral diseases particularly affect socially 
disadvantaged people [8]. Although it is the most common infectious disease of 
humans, its prevalence varies from one population to another [9]. 

Periodontal disease is a type of chronic, non-communicable inflammatory 
disease caused by the colonization of the tooth surface, especially around the 
gingival margin and interdental spaces. The colonized biofilm releases a variety of 
biologically active products, including endotoxins, chemotactic peptides, organic 
acids, and protein toxins. They diffuse into the gingival epithelium and initiate the 
host response that ultimately leads to gingivitis [9]. Associations between 
periodontal disease and other systemic medical conditions may result from 
inflammatory mechanisms or due to a disruptive host immune response [10]. In 
addition to those previously mentioned, there are other environmental factors 
associated with periodontal disease, including drug use, methamphetamine, and 
smoking, the latter affecting all components of the inflammatory response, and 
being associated with increased tooth loss [11]. 

Another oral condition is oral cancer, being one of the most common types of 
cancer worldwide. It is defined as a malignant neoplasia that occurs in the oral 
cavity or on the lip, more common in men than in women. Among the major 
factors of this condition are alcohol consumption and smoking, reported in 90% of 
cases, both having a synergistic effect [12,13]. Ochoa Scussiatto et al., (2024) 
demonstrated that there is a clear relationship between increased levels of 
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exposure to polluted air and increased incidence rates of oral cavity cancer [14]. 
Also, Dhane et al., (2024) stated that the increase in environmental pollutants, 
including arsenic (As), was associated with oral cancer, which is an alarming 
indicator of future global health problems [15]. 

Through this review, we aim to investigate the influence of some atmospheric 
pollutants on oral health, this, being useful to dentists in informing patients about 
the implications of pollution on oral health, thus supporting the promotion of 
environmental sustainability. 


MATERIALS AND METHODS 


The most common scientific databases such as PubMed, Google Scholar, and 
Science Direct were used to write this review. The search focused on the use of 
the keywords "oral health", "environmental pollution", "air pollution", "oral 
diseases", and "periodontitis", but also the combination of these. Also, only 
English language data up to November 2024 were included. Searching for the 
combination of the words "environment pollution" and "oral diseases" were 
identified in PubMed (n=1677), Google Scholar (84,600), and Science Direct 
(n=23,228). These results demonstrate the interest of researchers in this topic 
which is becoming more and more problematic in global health. Finally, we 
selected several 35 articles relevant to achieving the purpose of the review. 


Types of pollutants and their impact on oral health 


Ambient air pollutants mainly come from industrial activities, forest fires, 
waste burning, and transport emissions [16]. Environmental pollutants have 
become one of the important causes of congenital malformations [17]. Air 
pollutants can influence local and systemic inflammation, oxidative stress, but 
also the microbial community. According to the WHO, air pollution is the largest 
environmental risk factor for human disease, and almost the entire population 
(99%) breathes air that exceeds WHO limits [1,18]. Air pollution, climate change, 
lead contamination, pesticide residues in food, and new chemicals have a 
significant impact on human health. However, it is important to note that 23% of 
environmental risk factors can be modified and prevented. In the current context, 
the global population is facing increasing chronic exposure to heavy metals in the 
environment, generated by rapid urbanization and large-scale industrial activities 
[19]. 

Major public health pollutants include PM such as inorganic gases and 
secondary pollutants (CO2, NO2, O:, and As) released from chemical reactions in 
the atmosphere (Figure 2) [1]. Carbon monoxide (CO) is the third cause of 
poisoning. However, its harmful effects are not only limited to acute poisoning 
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with high concentrations but also to prolonged exposure to low doses. CO toxicity 
is manifested by ion channel dysregulation, reactive oxygen species (ROS) 
generation, cytochrome c oxidase impairment, and endothelial nitric oxide release. 
In this context, OS plays an essential role in the pathogenesis of many diseases, 
including in the oral cavity, because it is exposed to polluted air [20]. 


é 


vehicular pollution 


wa 


ONE Thats water pollution 
pollution of nature 


Figure 2. The impact of pollution on oral health 


PM, 2.5 micrometers or less in diameter, has multiple major sources, 
including motor vehicles, power plants, household wood burning, forest fires, 
agricultural residue burning, certain industrial processes, and other types of 
combustion [21]. These particles are mostly composed of carbon, on the surface 
of which there are deposits of chemical components, microorganisms, and heavy 
metals. For monitoring suspended particles, PMio and PM25 are the most used 
indicators. Among them, PM2.s5 has become the main indicator of health risks 
associated with fine particle pollution, being integrated into air quality indices in 
many countries [21]. 

Dental erosion has a variable prevalence, being defined as the loss of dental 
hard tissue through a chemical process that does not involve the influence of 
bacteria [22]. Exposure to pollutants can have significant effects on oral health, 
with enamel erosion observed in individuals working in dusty environments 
containing a mixture of tartaric acid, sodium bicarbonate sucrose, and magnesium 
sulfate [23]. Moreover, studies show that children's saliva and tooth enamel 
contain significant levels of lead, its concentrations increasing directly 
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proportional to the worsening of caries, indicating a potential cariogenic effect of 
this chemical element (Table 1) [24]. 


Tabel 1. Effects of pollutant exposure on oral health 


Effects Description References 
Erosion of tooth It has been observed in people working in dusty [23] 
enamel environments containing a mixture of TTA, sucrose, 
MegSOa,, and NaHCOs. 
Dental caries The children's enamel and saliva contained lead, and [24] 
levels increased with caries severity, demonstrating 
its cariogenic potential. 
Oral cancer High concentrations of PM25s5 in air pollution are [25] 
associated with a 43% higher risk of developing 
cancer. 
Periodontitis Exposure to air pollutants was associated with [1] 
periodontitis, even after adjustment for confounders. 
It produces ROS, causes oxidative damage, and [26] 
delays mineralization. 
Loss of teeth It releases free radicals, causes oxidative damage, 
Enamel defects and interferes with mineral formation. 
Dry mouth Individuals from countries with low exposure to NO [27] 
(xerostomia) and SO showed an increased frequency of dry 
mouth. 
Oral Pollutant exposure can weaken the immune system, [28] 
inflammations making the mouth more prone to infection and 
and infections inflammation. 


MgSOq - magnesium sulfate; NaHCO; - sodium bicarbonate; NO - nitric oxide; 
PM)>2,s - fine particles 2.5; ROS - reactive oxygen species; SO2 - sulfur dioxide; TTA — 
tartaric acid. 


In addition, it was found that PM2:s pollution increases the risk of oral cancer 
by 43%, highlighting the link between air pollution and the development of this 
condition [25]. Exposure to these atmospheric pollutants has also been associated 
with periodontitis [1], and with the generation of ROS that cause oxidative 
damage and delay the mineralization process, this hurting the loss of teeth and the 
occurrence of dental defects [26]. Moreover, people living in countries where 
exposure to NO/SO is low have a higher frequency of xerostomia [27], and this 
exposure to pollutants can reduce the efficiency of the immune system, making 
the oral cavity more vulnerable to infection and inflammation [28]. 

Another toxic substance common in dental conditions is lead (Pb), as teeth 
accumulate that element during their development. Hard dental tissue can 
accumulate lead and other hard metals from the environment [29]. Dental Pb 
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levels are considered good biological indicators for exposure to this 
environmental element. Its levels in saliva and blood cause imbalances in the 
growth of oral microflora. Once the pH decreases, oral inflammatory parameters 
change, and ROS are generated that cause oxidative damage [26]. Both human 
and animal studies have shown that teeth with high levels of Pb are more prone to 
tooth decay [30]. The distribution of Pb in blood, bone, and saliva, with an impact 
on dental health, is influenced by environmental and physiological factors such as 
age, sex, type and position of teeth, pregnancy, lactation, eating and drinking 
habits, smoking and exposure to lead contaminants in residential and occupational 
areas. However, living and working in lead-free environments can prevent 
exposure to this toxic metal [26]. One of the molecules in chronic contact with the 
oral cavity is fluoride (F). It can (re)mineralize enamel and inhibit the community 
of bacteria that cause caries, so it is therefore used to prevent damage [4]. Also, 
excessive exposure to considerable amounts of fluoride (F) during enamel 
formation results in a type of enamel hypoplasia also known as fluorosis [30]. 
Dental fluorosis represents, like incisive-molar hypomineralization, a condition of 
enamel development, which, like the latter, causes opaque spots from whitish to 
brown, generating, in certain cases, diagnostic difficulties between the two 
pathologies [4]. Furthermore, antibiotics (tetracyclines) given to children or 
infants where the teeth are developing can have side effects such as discoloration 
of the tooth enamel. Children exposed to cigarette smoke are at greater risk of 
dental caries, this environmental factor being associated with periodontitis in 
adults [30]. Also, the prevalence of dental caries is lower in children living in less 
polluted regions [31]. 

Once heavy metals enter the body, through ingestion, inhalation, or skin 
contact, they can accumulate in various organs, including calcified tissues, bones, 
and teeth, presenting a significant risk to human health due to toxicity and long- 
term persistence. Pollution assessment can be done by physical and chemical 
methods and by bio-indicators [32]. 


Measures to protect and prevent dental disease following exposure to 
pollutants 


To prevent and protect dental health in the context of exposure to pollutants, 
several aspects must be considered, including correct and frequent oral hygiene, 
an adequate diet, hydration, and the use of mouthwash, but also protection against 
atmospheric pollutants. Regular visits to the dentist for check-ups and 
professional cleanings should also be made. On the other hand, the harmful health 
effects of air pollution are largely determined by the concentration of air 
pollutants and the time of exposure to them. People can take many steps to reduce 
the amount of pollutant inhalation [21]. People can reduce the harmful effects of 
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ambient air pollution by reducing the time spent in outdoor activities and the level 
of activity when the air quality index exceeds a certain level [21]. Also, wearing a 
protective mask is recommended in such cases to prevent the harmful effects of 
ambient air pollutants, but also the adverse effects of vehicle pollution [33,34]. 
Another important measure is smoking cessation [35]. 

Although there is no direct link between the various effects of air pollution 
and nutrition, nutrients in the diet remain essential for maintaining health. An 
increased consumption of fresh fruits and vegetables brings significant health 
benefits. These foods are rich in valuable nutrients, such as vitamins with 
antioxidant properties, including vitamin C and E. Antioxidants play an important 
role in protecting the body by helping to reduce oxidative stress and 
inflammation. This protective effect could become more important in defending 
against the adverse effects of air pollutants [28]. 


CONCLUSIONS 


Oral diseases are a major health problem because they have a high prevalence 
globally, with a major impact on society. PM, NOx, SO2, and O3 are the main 
pollutants responsible for the development of oral diseases, including gingival 
inflammation and xerostomia caused by reduced saliva flow due to exposure to O3 
and other pollutant gases. Moreover, air pollutants can contribute to the erosion of 
tooth enamel, increasing the risk of tooth decay and other oral conditions. The 
impact of pollution on the oral cavity is significant, requiring preventive measures 
but also a reduction of exposure. However, further studies are needed to also 
analyze the influence of other pollutants on oral conditions. 
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